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LETTERS  TO  THE  EDITOR 
[Brief letters to the Editor that make specific scientific  reference to papers pub- 
lished previously in THE JOURNAL OF GENERAL PHYBIOLOOY  are invited. Receipt 
of such  letters will  be acknowledged,  and  those  containing  pertinent  scientific 
comments and scientific criticisms  will be published.] 
An  Analogue  Program  for  Standing-Gradient  Osmotic  Flow 
Dear Sir: 
Diamond  and Bossert  (1)  proposed a  model of standing-gradient  osmotic flow as a 
mechanism to explain the coupling of water and solute transport in epithelia. In their 
computations they used a  digital program in FORTRAN  on an IBM 7094 to solve 
for the two dependent variables, C and v, where C was the osmolar concentration at 
any point, x along the channel and v was the linear velocity at this same point. In the 
following  communication,  their  equations  (4-6)  have  been  solved  with  a  simple 
analogue program, provided with proper scaling. Test parameters may be set readily 
and the concentration profile from C,= = 0 to C,, = L may be generated and read out on 
any convenient laboratory recorder or X-Y plotter. The analogue program is simple 
and will generate a  continuous function.  Furthermore, a  proper choice for Cx=0 may 
be made readily with a minimum expenditure in machine time and expense. 
Fig.  1 describes the unsealed program in its simplest form. Table I  lists the scaled 
parameters for curves 1, 2,  3, and 4  in Fig.  3 of their paper (1).  Fig.  2 is the output 
recorded on an X-Y plotter.  One may refine the program so as to generate Cem~gent 
according to the equation. 
f0  ~ 
=  NdX/lrr V:=L  C~,g~.t  27rr  2 
However, since N  and d ~ are fixed parameters and v,,=L is obtained from amplifier 4, 
there is no overriding need to utilize additional analogue components particularly if 
these are limited. 
Characteristics  of the System 
Diamond and Bossert in their paper emphasized the need to use an iterative technique 
to arrive at a value of Cx=0 which would guarantee a value of Co at ~=L. We have con- 
firmed the inherent instability of the system at values of C close to ~=L, particularly at 
the higher values of C,,=0. Arbitrary selections of Cx=0 which differed by as little  as 
0.1%  produced striking changes in the value of Cx=L. Either these values would rise 
sharply with  a  positive value for Cx=L or fall precipitously with  negative values  for 
Cx=L. In effect the system was poised at the ideal value for C~=0. Our values for C~=0 
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FmURF. 1.  Unsealed analogue program of equations 4-6 from the paper of Diamond 
and Bossert (1). 
TABLE  I 
EQUATIONS 4-6  OF DIAMOND  AND  BOSSERT  (1) 
SCALED  FOR ANALOGUE  COMPUTATION 
Problem variable  Estimated maximum  Computer variable 
C  1 osmolar  [C] 
v  150/~/sec  [v/150] 
b  8/see  [b/a] 
B  =  O  0.2 osmolar//~  [B/0.2] 
/9  4 X 10  -2 osmolar//~  2  [/9/4 X 10  -2] 
N  Curve  (1)  10  -1 osmolar/~/sec  [N/10  -1] 
(2)  10  -2  IN/10  -2] 
(3) 5 X  10  -2  [N/5  X  10  -2  ] 
(4)  10  -2  [N/10  -2] 
Scaled Equations 
2P 
[~/8] =  ~  ([C]  -- [C0])  [b/818/150  =  [b/150] 
P6 
P1, P2 
[C] =  [B/0.2]--0"2  [/9/4 X  10-'] 4  X0.~10-' _  [/9/0.2] 
P8  "---~-~ 
P7 
8  (0.2) (150) 
[/9/4 X  10-']  =  [C][b/8] D  X  (4  X  10-') -l- [v/lSO][B/0.2] D  X  (4 X  10-') 
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0 
~E 
0 
Z 
0 
I- 
l.- 
Z 
ta4 
z 
0 
LE'FFERS  TO  THE  EDITOR  275 
agreed within O. 1% for all curves. However, since Diamond and Bossert set the limits 
of their iterative process to 0.01% they were able to approach closer to the chosen ideal 
ofL =  100/~ than we did in curves 1 and 3. Nevertheless, the value for v~,~, was fairly 
stable even under these conditions and since this value is the most important one for 
the calculation of Ce,,e~e,t,  this latter calculation was subject to less fluctuation.  It is 
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Fmup.E 2.  Output  from amplifier I0, C as recorded from an X-Y plotter.  Solutions 
apply to  parameters used in Fig.  3 of Diamond and Bossert. Calculated concentrations 
of emergent fluid were 0.420 (curve 1), 1.08 (curve 2), 0.380 (curve 3), and 0.301 (curve 
4) osmolar. 
not surprising, therefore, that the authors chose parameters characteristic of the more 
stable curves 2  and 4  to develop many of the subsequent relations which they con- 
sidered. 
Limitations in the Analogue Program 
Although the program is excellent for estimates of C~0, the potential user should be 
aware that values for Ceme~ge,t  may differ by as much as 20 % from the IBM 7094 pro- 
gram. Furthermore, although concentration profiles generated by the analogue pro- 
gram agree well with  the IBM program at low values of Cx=0, the reader should be 276-  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  51  •  I968 
cautioned about the shape of the generated curve in regions where Cx approaches 
Cx=L,  at high values of Cx=0, because of the inherent instability of the system. This 
problem was evident for curves  1 and 3 in Fig.  2.  Nevertheless, this program may 
stimulate understanding and perhaps further development of this model for the cou- 
pling of water and electrolyte transport  in epithelial tissue, byproviding guidelines, 
within the levels of accuracy discussed, for future experiments. 
Received  for publication 27 October 1967. 
H. G. Hempling 
Department of Physiology  and Biophysics 
Cornell University Medical College 
New York 10021 
REFERENCES 
DIAMOND, J. M., and W. H. BOSSERT. 1967. Standing-gradient osmotic flow. A mecha- 
nism for coupling of water and solute transport in epithelia. J. Gen. Physiol. 50:2061. 
Handbook of Analog Computation. 1965. Electronic Associates, Inc., Princeton, N. ]. 
2nd edition. 